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Introduction
Pancreatic adenocarcinoma is an important leading cause of cancer-related mortality in the Western world [1] . Generally, the vast majority of pancreatic adenocarcinoma patients present with no specific symptoms until appear jaundice and weight loss, signs of advanced stage of pancreatic adenocarcinoma [2] . The lethal characteristic of pancreatic adenocarcinoma is the high metastatic potential to distant organs and the lymphatic system [3] . Additionally, lack of effective chemotherapy also contributes to the high mortality of pancreatic adenocarcinoma patients [4] .
UP to now, the therapy of pancreatic adenocarcinoma remains a great challenge in clinical oncology on account of the similar rate between incidence and mortality [5] . According to the report of cancer statistics in 2015, in contrast to the steady increase in survival for most cancers, advance has been slow for pancreatic adenocarcinoma, for which the 5-year relative survival is recent 7% [6] . Therefore, advances in understanding the molecular biology and discovery of novel therapeutic targets will contribute to clinical management of pancreatic adenocarcinoma.
Based on the degree of tumor differentiation, pancreatic adenocarcinoma is divided into four grades including highly differentiated (G1), moderately differentiated (G2), poorly differentiated (G3) and un-differentiation (G4). Moreover, patients with poorly differentiated tumors have a worse prognosis than those with well differentiated tumors [7] . It is noted that The Cancer Genome Atlas (TCGA, https://tcga-data.nci.nih.gov/tcga/) database is a publicly funded project that is consisted of multidimensional data of different cancers in patients at DNA, RNA and protein levels. Therefore, the objective of our study is to identify the tumor differentiation related genes based on the TCGA dataset, shedding light on molecule mechanism and identifying new therapy targets for the treatment of pancreatic adenocarcinoma.
Material and methods

The Cancer Genome Atlas dataset
The Cancer Genome Atlas (TCGA, https://tcga-data.nci.nih.gov/tcga/) is a publicly funded project that is consisted of multidimensional data of different cancers in patients at DNA, RNA and protein levels. In this study, TCGA dataset was used to retrieve the gene expression data in pancreatic adenocarcinoma.
Identification of tumor differentiation related differentially expressed genes
In order to find potential genes in the process of tumor differentiation, differentiation related transcription sequencing data were analyzed by linear by linear association test in 176 pancreatic adenocarcinoma patients. The lbl.Test function analysis in the cion package of R software was used to identify differentiation related genes. The detailed process was as follows: Firstly, the sample was divided into four express quantity interval according to the quartiles of each gene expression quantity. Secondly, the correlation between express quantity interval and tumor grade was tested. Thirdly, tumor differentiation related genes were selected according to the threshold of p < 0.01. Finally, the expression of each gene in different tumor differentiation grades was further analyzed through tukey's honest, and p < 0.05 was considered the statistical significant difference.
Functional annotation of tumor differentiation related differentially expressed genes
The Gene Ontology (GO) function was used to enrich the biological function of genes in biological progress, cellular component and molecular function [8] . The Kyoto Encyclopedia of Genes and Genomes (KEGG) dataset is applied to analyze gene function and genome information systematically, which is helpful in studying gene expression in a network. It is consisted of six subdata including PATHWAY, BRITE, MODULE, DISEASE, GENES and GENOME. Among which, PATHWAY dataset contains the most advanced functional information such as metabolism, membrane transport, signal transmission and cell cycle. To further understand the biological function of tumor differentiation related genes in pancreatic adenocarcinoma, we performed the GO functional categories and the KEGG biochemical pathway using GeneCodis3 (http://genecodis.cnb.csic.es/analysis). False discovery rate < 0.05 was considered to be statistically significant.
Receiver operating characteristic (ROC) analyses
In order to assess the diagnostic value of tumor differentiation related differentially expressed genes in pancreatic adenocarcinoma, we performed the receiver operating characteristic (ROC) analyses through the pROC package in R language. The area under the curve (AUC) under binomial exact confidence interval was calculated and the ROC curve was generated.
Survival analysis of tumor differentiation related differentially expressed genes
The R package (3.4.0 version, 2017) was used to explore the prognostic ability to predict patient survivability of identified tumor differentiation related differentially expressed genes in the TCGA database.
Electronic validation of tumor differentiation related genes in GEO database
We employed the Gene Expression Omnibus (GEO) database to validate the expression of selected tumor differentiation related genes. We compared the expression levels of these genes in different tumor differentiation grades including G1, G2, G3 and G4. The difference of expression levels was displayed by box-plots.
Results
Clinical information
In this study, the mRNA expression data of patients with pancreatic adenocarcinoma were downloaded from the platform of UNC_IlluminaHiSeq_RNASeqV2 in TCGA data portal. Downloaded mRNA expression data were standardized. Those patients who had a tumor grade of GX were ruled out for this study. Finally, 176 patients with clinical tumor grade information and mRNA expression data were included in this study. Among which, 31 were highly differentiated (G1), 95 were moderately differentiated (G2), 48 were poorly differentiated (G3) and 2 were un-differentiated (G4). G3 and G4 were combined together (G3/G4). Detailed information of pancreatic adenocarcinoma patients was presented in Table 1 .
Tumor differentiation related differentially expressed genes
Based on transcriptome sequencing data analysis in the context of tumor differentiation grade, 932 (614 positively associated and 318 negatively associated) related genes were identified in pancreatic adenocarcinoma. The top 10 tumor differentiation related genes were shown in Table 2 . The Box-plot of top 10 tumor differentiation related genes was also shown in Fig 1. In addition, the heat map of top 100 tumor differentiation related genes was presented in Fig 2. Additionally, tukey's honest significant difference was used to further investigate the different expression of each gene in different tumor differentiation grades. The analysis results revealed that there were 746 differentially expressed genes between G1 and G2, 882 differentially expressed genes between G1 and G3/G4 and 42 differentially expressed genes between G2 and G3/G4. The Venn of genes expression overlaps in diverse tumor differentiation grades was shown in Fig 3. It is worth mentioning that 8 genes including JUB, ERLIN1, HMGA2, 
Biological function of tumor differentiation related differentially expressed genes
To investigate the gene function, GO and KEGG were applied to perform function annotation in 744 differentially expressed genes (the intersection genes between G1 vs G2 and G1 vs G3/ G4) and 705 genes were recognized. GO enrichment analysis revealed that these genes were significantly involved in cell division (false discovery rate = 2.15E-17), cell cycle (false discovery rate = 2.19E-17) and cell proliferation (false discovery rate = 1.17E-07). Additionally, KEGG pathway enrichment analysis showed that these genes were remarkably enriched in pathways in cancer (false discovery rate = 8.56E-07), cell cycle (false discovery rate = 3.48E-06) and pancreatic adenocarcinoma (false discovery rate = 1.10E-05). Top 15 Go terms and top 3 KEGG pathways for differentially expressed genes were listed in Table 3 and Table 4 
ROC curve analysis
We performed ROC curve analyses and calculated the AUC to assess the discriminatory ability of five tumor differentiation related differentially expressed genes in the TCGA dataset. The AUC of these genes including JUB (0.729), ERLIN1 (0.741), FAM110B (0.706), MCM2 (0.735) and BCL2L1 (0.718) was more than 0.7 (Fig 5) . For pancreatic adenocarcinoma diagnosis, the 1-specificity (proportion of false positive) and sensitivity (proportion of true positive) of JUB was 51.6% and 86.5%, respectively; the 1-specificity and sensitivity and of ERLIN1 was 80.6% and 57.7%, respectively; the 1-specificity and sensitivity and of FAM110B was 48.4% and 88.5%, respectively; the 1-specificity and sensitivity and of MCM2 was 80.6% and 57.7%, respectively; the 1-specificity and sensitivity and of BCL2L1 was 51.6% and 85.7%, respectively.
Survival prediction of tumor differentiation related differentially expressed genes
To analyze the potential prognostic characteristics of tumor differentiation related genes in pancreatic adenocarcinoma, 6 differentially expressed genes in all different tumor differentiation considered to be significantly negatively associated with survival (P < 0.05) time of pancreatic adenocarcinoma patients. However, JUB and STAT1 were not remarkably related to the survival time of pancreatic adenocarcinoma patients. The survival curves of above 10 genes were illustrated in Fig 6. 
Electronic validation of tumor differentiation related genes in GEO database
Based on the sequencing data, four tumor differentiation related genes (JUB, HMGA2, FAM110B and MCM2) were selected to perform the expression validation by GEO database (Fig 7A) . Different expression levels of these genes in G1, G2, G3 and G4 were analyzed and depicted through box-plots. The box-plots were displayed by median and inter-quartile range visually. The expression levels of JUB, HMGA2 and MCM2 were increased gradually along with the tumor differentiation grades. However, the expression level of FAM110B was decreased gradually along with the tumor differentiation grades. The expression trend of these genes in different tumor differentiation grades was consistent with the TCGA sequencing data (Fig 7B) . 
Discussion
Pancreatic adenocarcinoma is the fourth most common cause of cancer-related mortality [9] . It is worth mentioning that tumor differentiation is a universal process in the development of different cancers. Therefore, the objective of this study was to identify tumor differentiation related genes in pancreatic adenocarcinoma. In this study, we found 932 tumor differentiation related genes. After different expression analysis of each gene in diverse tumor differentiation grades, 8 genes were differentially expressed in all grades. GO and KEGG annotation in 744 differentially expressed genes (the intersection genes between G1 vs G2 and G1 vs G3/G4) revealed that pancreatic adenocarcinoma and cell cycle were significantly enriched pathways. ROC and survival prediction analysis identified several genes that had a diagnosis and prognosis value for pancreatic adenocarcinoma. In conclusion, 8 tumor differentiation related genes (JUB, ERLIN1, HMGA2, FAM110B, EGFR, MCM2, TCTA and SSTR1), pancreatic adenocarcinoma pathway related genes (BCL2L1, E2F1, RAC1 and STAT1) and cell cycle pathway related genes (BUB1, BUB1B, CCNA2, CCNB2, CCND2, CDC20, PLK1, TGFB2 and TTK) played fatal roles in the development of pancreatic adenocarcinoma. Ajuba LIM protein (JUB, also called AJUBA) is a well-known cancer associated protein, which is involved in tumor invasion and migration [10] . It has been reported that the inactivation of JUB is implicated in deregulation of cell differentiation in head and neck squamous cell carcinomas [11] . Significantly, we found that JUB was differentially expressed in all tumor differentiation grades and the expression level increased gradually along with the tumor differentiation grades, which suggested the positive association with tumor differentiation of pancreatic adenocarcinoma. Furthermore, ROC analysis indicated that JUB had a diagnostic value for pancreatic adenocarcinoma patients. ER lipid raft associated 1 (ERLIN1) encodes members of the prohibitin that defines lipidraft-like domains of the endoplasmic reticulum [12] . It is reported that the expression of ERLIN1 is decreased in laser capture microdissection gastric carcinomas compared to histologic macrodissection [13] . Herein, we first found that the expression of ERLIN1 was positively related to tumor differentiation of pancreatic adenocarcinoma. In addition, ERLIN1 had a diagnosis value and associated with the survival time of pancreatic adenocarcinoma patients. Therefore, we concluded that ERLIN1 played crucial roles in tumor differentiation and could be a diagnosis and prognosis marker for pancreatic adenocarcinoma.
High mobility group AT-hook 2 (HMGA2) is a transcription factor primarily expressed in the mesenchyme and regulates mesenchymal proliferation and differentiation [14, 15] . It is demonstrated that immunoreactivity of HMGA2 is correlated to poor differentiation in pancreatic ductal adenocarcinoma [16] . Our study first found the different expression of HMGA2 in tumor differentiation of pancreatic adenocarcinoma. The expression of HMGA2 was increased along with the tumor differentiation grades. In addition, we also found that HMGA2 was significantly related to the survivability of pancreatic adenocarcinoma. Thus, we supposed that HMGA2 was a promising molecular target for pancreatic adenocarcinoma therapy and prognosis.
Cell mitosis is an important process in the cell cycle, which contributes to the biological development of cell differentiation. Family with sequence similarity 110 member B (FAM110B, also called C8orf72) accumulates at the spindle poles and centrosomes in mitosis and aberrant expression will influence cell cycle progression in G1 phase [17] . It is stated that FAM110B is a survival predictor of breast cancer stem cells [18] . Herein, we found that the expression of FAM110B was decreased along with the tumor differentiation grades, which showed that FAM110B was negatively associated with tumor differentiation and could be served as diagnosis and survival marker of pancreatic adenocarcinoma.
It is suggested that the activation of epidermal growth factor receptor (EGFR) affects cellular growth, proliferation and differentiation [19] . By contrast, the blockade of EGFR expression reduces the growth and metastatic potential of pancreatic tumor [20] . It is suggested that the major role of EGFR in pancreatic tumorigenesis is controlling the differentiation of neoplastic precursors [21] . Additionally, high expression of EGFR has been related to shorter survival of pancreatic adenocarcinoma [22] . Herein, we found that the expression of EGFR was associated with tumor differentiation and survivability of pancreatic adenocarcinoma, which was in line with previous reports.
Some studies have demonstrated that the minichromosome maintenance complex component 2 (MCM2) is not only the marker of cellular proliferation also required for cell cycle [23] . Moreover, it is reported that withdrawal of cells from the cell cycle into the differentiated state is accompanied by down-regulated expression of MCM2 [24, 25] . It is worth mentioning that it is up-regulation in primary pancreatic tumors compared to normal pancreas [26] . In this study, we found that MCM2 was increased along with the tumor differentiation grades, which further demonstrated the crucial role of MCM2 in cell differentiation of pancreatic adenocarcinoma. Significantly, we also found the diagnosis and prognosis value of MCM2 in pancreatic adenocarcinoma.
Generally, T-cell leukemia translocation altered (TCTA) mRNA is expressed in normal tissues, with high-level of expression in the kidney [27] . Of note, the expression of TCTA is reduced in three of four small cell lung cancer cell lines [28] . Meaningfully, we first found expression of TCTA in different tumor differentiation grades of pancreatic adenocarcinoma, and the expression was negatively related to tumor differentiation. Therefore, our data indicated that TCTA could be considered as the therapy target of pancreatic adenocarcinoma. Somatostatin (SST), a small cyclic neurpeptide, has been applied for treating pancreatic adenocarcinoma in pre-clinical trials as adjuvants on account of their inhibitory effects on cell proliferation and growth hormone release [29, 30] . It is reported that gene transfer using somatostatin receptor 1 (SSTR1) inhibits the growth of pancreatic adenocarcinoma through cell cycle arrest in vivo and in vitro [2] . Our study found that SSTR1 was expressed in all grades of tumor differentiation of pancreatic adenocarcinoma, which further demonstrated the crucial role of SSTR1 in the development of pancreatic adenocarcinoma.
According to the KEGG pathway analysis, we found that several tumor differentiation related genes (such as BCL2L1, E2F1, RAC1 and STAT1) were remarkably enriched in pancreatic adenocarcinoma signaling pathway. Bcl-xL, BCL2 like 1 (BCL2L1) encoded protein expressed in various malignant tumors and involved in facilitating resistance to chemotherapy [31] [32] [33] . Additionally, it is over-expression in pancreatic tumor cells [34, 35] . It is suggested that the E2F transcription factor 1 (E2F1) is both an oncogenic inducer and a tumor suppressor [36, 37] . Moreover, a direct correlation between E2F1 and cell proliferation, as well as an inverse association between E2F1 and disease-associated survival has been observed in pancreatic adenocarcinoma [38] . In this study, we found the role of BCL2L1 and E2F1 in the process of pancreatic adenocarcinoma, which was in line with previous researches. Significantly, we also found that BCL2L1 had a diagnosis value for pancreatic adenocarcinoma.
Several studies report that ras-related C3 botulinum toxin substrate (RAC1) is involved in controlling cell cycle, growth and survival [39, 40] . It is worth mentioning that increased expression of RAC1 has been found in pancreatic adenocarcinoma and is correlated with patient prognosis [41, 42] . It is noted that signal transducer activator of transcription 1 (STAT1) is expressed in 88% of pancreatic adenocarcinoma tissue specimens, and the expression is inversely related to tumor differentiation of pancreatic adenocarcinoma [43] . Additionally, patients with high STAT1 have a better prognosis compared to those with low expression [44] . Herein, we found that BCL2L1, E2F1, RAC1 and STAT1 were expressed in pancreatic adenocarcinoma, which was consistent with previous reports. Significantly, we also found the roles of BCL2L1, E2F1 and RAC1 in tumor differentiation and survival prediction of pancreatic adenocarcinoma.
Alteration in cell cycle regulatory mechanisms plays a vital role in the tumor development. Besides pancreatic cancer, cell cycle was the common biological function of differentially expressed genes in GO and KEGG, which involved several genes including BUB1, BUB1B, CCNA2, CCNB2, CCND2, CDC20, PLK1, TGFB2 and TTK. It is found that BUB1 is a remarkably altered gene in CD4
+ peripheral blood cells of pancreatic adenocarcinoma patients compared with healthy volunteers [45] . BUB1B is associated with DNA repair and known to drive the development of cancer [46, 47] . It is reported that deleterious variant in BUB1B gene is more frequent in patients with familial pancreatic adenocarcinoma [48] . CCNA2 has been demonstrated up-regulated in pancreatic adenocarcinoma tissue samples and significantly involved in the cell cycle pathway [49] . Nakamura T and Sato N et al found that CCNB2 was also up-regulated in human pancreatic adenocarcinoma [50, 51] . CCND2 plays an important role in the proliferation of pancreatic islet b-cell and the mRNA expression of CCND2 is rarely detected in pancreatic adenocarcinoma cell lines [52] [53] [54] . It has been found that CCND2 is hypermethylated in the progression of pancreatic adenocarcinoma [54] . It is reported that CDC20 is up-regulated in pancreatic adenocarcinoma cells [55] . Deregulation of PLK1 occurred early in carcinogenesis and over-expression in pancreatic intraepithelial neoplasia III lesions of pancreatic adenocarcinoma patients [56] . It is noted that PLK1 pathway is a potential therapeutic target of pancreatic adenocarcinoma [57] . TGFB2 is found to be over-expressed in pancreatic adenocarcinoma [58, 59] . TTK is also over-expressed in pancreatic adenocarcinoma and plays a crucial role in maintaining the viability and proliferative potential of pancreatic adenocarcinoma cells [60] . Thus it can be seen that these genes were associated with the development of pancreatic adenocarcinoma and may play an important role in the cell cycle of pancreatic adenocarcinoma differentiation.
Conclusions
Our study provided the molecular clues in understanding the pathological mechanism of pancreatic adenocarcinoma, especially in tumor differentiation of pancreatic adenocarcinoma. Additionally, we identified several diagnosis and survivability-related differentially expressed genes, which may be regarded as diagnosis and prognosis markers in the development of pancreatic adenocarcinoma. Of course, there were limitations to our study. Firstly, we aimed to study the biological function of differentially expressed genes between highly differentiated group (G1) and other differentiation groups (G2 and G3/G4). Anyway, it is necessary to study the biological function of genes in non-intersection set (G2 vs G3/G4). Therefore, the biological function of those genes in non-intersection set is needed in our further research. Secondly, some in vivo and in vitro experiments are essential for elucidation of the biological roles of tumor differentiation related differentially expressed genes in pancreatic adenocarcinoma in the future work.
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